Abstract. A community-based baseline cross-sectional survey was conducted in three districts in Togo in September 2004 as part of a multidisciplinary evaluation of the impact of the Togo National Integrated Child Health Campaign. During this campaign, long-lasting-insecticide-treated bed nets (LLITNs) were distributed to households with children between 9 months and 5 years of age throughout the country in December 2004. The pre-intervention survey provided baseline malaria and anemia prevalence in children < 5 years of age during peak malaria transmission. Of 2,532 enrolled children from 1,740 households, 62.2% (1,352/2,172) were parasitemic and 84.4% (2,129/2,524) were anemic (hemoglobin < 11 g/dL). Moderate-to-severe anemia (< 8.0 g/dL) was found in 21.7% (543/2,524), with a peak prevalence in children 6-17 months of age and was strongly correlated with parasitemia (OR ‫ס‬ 2.3, 95%
INTRODUCTION
Malaria is holoendemic in much of sub-Sahelian West Africa. In Togo, the national Health Facility-Level Malaria Surveillance System 1 confirms that malaria is endemic throughout the country. Evidence supporting this conclusion comes from documented malaria prevalence from neighboring countries and interpolated malaria transmission risk from the Mapping Malaria Risk in Africa/Atlas du Risque de la Malaria en Afrique (MARA/ARMA) 2 mapping effort. Few studies, however, have described the age-related burden of malaria or anemia within Togo, and there is a dearth of information on the burden at a community level.
In December 2004, > 900,000 long-lasting insecticidetreated bed nets (LLITNs) were distributed throughout the country to households with children between the ages of 9 months and 5 years as part of the Togo National Integrated Child Health campaign. 3 This campaign aimed to lower morbidity and mortality in young children in Togo through integrated bed net distribution, measles vaccination, polio vaccination, and presumptive treatment of helminth infections. As part of a multidisciplinary evaluation of the impact of this campaign, the pre-and post-intervention burden of malaria and anemia at community level in children age < 5 years was compared. Repeat cross-sectional surveys were conducted in rural areas representative of the range in climatic patterns in 
MATERIALS AND METHODS
Study site. The study was conducted in rural communities from three districts: Yoto in the southern Maritime region, Ogou in the central Plateaux region, and Tone, the most northern district in the Savanes region ( Figure 1 ). Because of the country's length, its climate varies from humid tropical in the south to semiarid in the north. Malaria transmission in Togo reflects its rainfall patterns, with a bimodal pattern (with long rains from March to June and short rains from September to October) in the south, a single long stable rainy season (from March to October) in the Plateaux Region (Ogou), and a shorter, single rainy season (from May to September, with peak rainfall in August) in the north.
Study population. Togo has a population of 5.7 million, with an estimated 980,000 children < 5 years of age (17.2%) 4, 5 and an estimated 75,000 live births per year. 6 The country's population is ethnically heterogeneous, consisting of 37 different groups. Most people in rural areas are subsistence farmers. A few cash crops such as cotton are also grown. Around 53% of the adult population in the country is literate, a figure that varies widely between regions, with the lowest literacy rate of 16% in the northern Savanes region.
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Study design and sample size. A community-based crosssectional survey was conducted in children < 5 years of age from rural areas. The study used a stratified two-step cluster sample design with clusters at the district and enumeration area (EA) levels. District level sample size was based on the estimated effect of ITNs on malaria morbidity. The study was designed to have 80% power to detect a 33% reduction between pre-and post-intervention prevalence of moderate-tosevere anemia (hemoglobin level [Hb] < 8.0 g/dL), with 95% confidence. Sample size calculations were made assuming 70% of households to have children < 5 years of age, 45% of households with children to have more than one child, a nonresponse rate of 10%, a design effect of 1.5, and a baseline overall prevalence of moderate-to-severe anemia of 20%. The 1998 Togo census provided the sampling frame of def i n e d E A s w i t h 1 9 9 8 p o p u l a t i o n s i z e s b e t w e e n 606 and 1,420. Sample size calculations were done using the StatCalc module (EpiInfo 2000, Centers for Disease Control and Prevention, Atlanta, GA).
Based on 20 years of monthly retrospective rainfall data, there are three distinct regional rainfall patterns within the country. One district was selected within each of these regions to represent the variation in transmission patterns within Togo. In total, 90 rural EAs were selected (30 per district) by random sampling with a probability proportional to size (PPS). Each EA was mapped in its entirety using a global positioning system unit (GPS) attached to a personal digital assistant (PDA). Each household was assigned a random number at the time of mapping. Within each EA, a random sample of 25 households was selected regardless of the presence of children < 5 years of age, with the aim to enroll an average of 27-30 children < 5 years per cluster. The survey was conducted in September 2004 at the beginning of the second or short rainy season in Yoto and the end of the main rainy season in Ogou and Tone.
Study procedures. Each of the three districts was surveyed in 6 working days with the help of six GPS (Global Positioning System) and six survey teams. The six GPS teams, consisting of two members each, mapped six EAs per day. Using census-based maps that indicated EA borders and personal digital assistants (PDA; Dell Axim X5s; Dell, Austin, TX) equipped with GPS units (Pharos, Torrance, CA), one GPS team would map all households within one selected EA each day. After mapping the EA, a random selection of 25 households and 15 alternates were selected by the team while in the field, using a survey specific program developed by the Centers for Disease Control and Prevention. That same day, GPS teams revisited the selected households and invited households who confirmed the presence of children < 5 years of age to participate in the survey. A household was defined as one mother or primary care taker and their children. If more than one wife was present in a household, one was randomly selected by drawing straws. If the team was unable to locate the family at a household, an alternate was chosen from the PDA-generated list of 15 alternate houses. Alternates were not chosen for refusal to participate or if the household did not have a child < 5 years of age.
Data and specimen collection took place 2-3 days later at a central, well-known location within the involved EA. District survey teams consisted of five individuals each: a supervisor; two surveyors to gather background data on demographics and medical history; a physician; and a laboratory assistant. Specimens taken were a capillary blood sample for assessment of Hb level (Hemocue, Angelholm, Sweden), presence of malaria parasites by rapid diagnostic test (RDT, Paracheck Pf; Orchid Biomedical Systems, Verna, Goa, India), and a malaria thin and thick blood smear. A brief medical exam was performed by a medically qualified staff member and appropriate treatment was provided to children with anemia (iron syrup 2-3 mg/kg/day of elementary iron for a minimum of 4 weeks) and parasitemia as determined by RDT (ArtesunateAmodiaquine, Arsucam, Sanofi-Synthelabo, Paris, France). Children with acute illness that needed further attention were referred to the nearest health facility. Invited households who did not attend were visited at home to remind them of the survey or confirm the reason for their absence. Included in the background and demographic household data were an economic questionnaire based on criteria and associated scoring system developed by the World Bank to classify each household's economic status into wealth quintiles.
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Laboratory analysis. Thick and thin blood smears were stained with Giemsa and examined for parasites. Parasite densities were counted against 500 leukocytes and expressed per cubic millimeter of blood using an assumed leukocyte count of 8,000/mm 3 . Malaria thick and thin smears were read at the malaria reference laboratory of the Ministry of Health in Lome, with a sub-sample examined for quality control at a Centers for Disease Control malaria laboratory. The calibration of the used Hemocue machines (precision, ± 0.2 g/dL) was checked daily in the field using control cuvettes.
Data management and statistical methods. All answers were entered directly into a database on the PDAs while in the field (questionnaire application software: Visual CE 8.0; Syware, Cambridge, MA), which was downloaded daily into a central database (Microsoft Access). Data entry errors were limited by the use of data entry screens with drop-down menus and internal consistency checks. Data were further cleaned using range and internal consistency checks. Analyses were performed using SAS (version 9.1; SAS Institute, Cary, NC). Weighted frequencies, percentages, and 2 tests of association were calculated using proc surveyfreq in SAS. We explored associations between various binary variables of interest while controlling for other covariates using logistic regression. Those relationships explored controlling for other covariates were assessed using logistic regression with proc surveylogistic. Analyses were weighted for the number of invited households, because this varied over the first 3 days of the survey, and took the survey design into account by adjusting for clustering at the enumeration area level.
Definitions. Fever was defined as a documented axillary temperature Ն 37.5°C. Anemia, moderate-to-severe anemia, and severe anemia were defined as Hb concentrations < 11.0, < 8.0, and < 5.0 g/dL, respectively. Malaria parasitemia was defined as any asexual parasitemia detected on a thick or thin blood smear. Clinical malaria was defined as a documented axillary temperature Ն 37.5°C with malaria parasitemia. High-density parasitemia was defined as an asexual parasite density of > 5,000/mm 3 . Ethical clearance and informed consent. This survey was reviewed and approved by institutional review boards of the Togo Ministry of Health, the Liverpool School of Tropical Medicine, and the Centers for Disease Control and Prevention. Written informed consent was obtained from the caretakers for each individual participant by a signature or ink thumbprint, after explanation of the study procedures in the local language.
RESULTS
In total, 2,304 households were randomly selected for participation, and 1,822 (79.1%) of them reported having at least one child < 5 years of age (70.1%, 80.4%, and 87.1% in Yoto, Ogou, and Tone, respectively). Of eligible households, 95.5% were enrolled (94.3%, 93.5%, and 98.3% for Yoto, Ogou, and Tone, respectively). The median number of children enrolled per EA was 29 (range ‫ס‬ 11-51). The main reason for nonenrollment was absence at the day of the survey related to travel or work in the field (5.3%, 6.4%, and 1.7% in Yoto, Ogou, and Tone, respectively). Only two (0.1%) eligible households refused to participate. Seventy enrolled children born in 1999 who had participated were excluded from the analysis because their dates of birth revealed they were 60 months at the date of the survey. The age of the child was confirmed in 60% (1,480, weighted number) of cases with a vaccination card, and the average age was 28.5 months. Overall, 2,532 children from 1,740 households contributed to the analysis.
Household characteristics. The main characteristics of the 1,740 enrolled households are presented by district in Table 1 . Of these, 42.7% had more than one child < 5 years of age, a figure that was similar in all three selected districts (43.9%, 40.1%, and 44.1% in Yoto, Ogou, and Tone, respectively). There were no significant differences in socio-economic status among the districts, with a similar percentage of households below the median in all three districts. Most people in the lowest economic quintile lived in households with mud floors and thatched roofs, whereas those in the other four quintiles lived in households with cement floors and either thatched or metal roofs. Few households in the poorest four economic quintiles reported having electricity or the use of any type of toilet, whereas only 15.9% in the wealthiest quintile reported electricity and approximately one half reported the use of some type of latrine. People in the lowest quintiles tended to get their water from lakes or rivers, whereas those in the wealthier quintiles tended to have access to some type of well. Caretaker education level was considerably lower in Tone compared with the other two districts (P < 0.0001).
History of illness, health care-seeking behavior, prevention, and treatment. Table 2 shows recent history of illness, health care-seeking behavior, and treatment reported by the caretaker. Whereas most children were afebrile and asymptomatic at the time of the survey, 70.9% were reported to have had a fever within the previous 2 weeks, 23.1% of children were reported to have had fever and sought treatment (13.7%, 25.5%, and 28.2% in Yoto, Ogou, and Tone, respectively), and 11.1% were reported to have had convulsions. These proportions were similar within districts between younger and older children, but higher in the two northern districts. In the previous 2 weeks, 41.8% of children had reportedly taken anti-malarials; 46.7% of these treatments were obtained through contact with the public health care system. Chloroquine and quinine, the currently recommended firstline treatments for uncomplicated and severe malaria, respectively, were used most frequently; use of other anti-malarials was rare. Iron supplementation was reportedly used by 4.2% of children in the previous 2 weeks (3.5%, 3.9%, and 5.0% in Yoto, Ogou, and Tone, respectively). Caretakers reported that 22.5% of children had severe malaria (defined as illness with fever, vomiting, and/or convulsions) in the previous 2 months, and this proportion was similar in all three districts. All-cause hospital admission rates were different in the three districts (P ‫ס‬ 0.001) with somewhat higher rates in Yoto (3.5%) and Tone (2.6%) than Ogou (0.6%). Fifteen children were said to have received a blood transfusion in the previous 2 months.
ITN use. Ownership of a bednet was reported in 5-10% of the households. Less than 10% of the nets owned were treated with insecticide. The majority of households with nets reported owning a single net (76.1%, 124/163). Net ownership was positively associated with socio-economic status (P < 0.0001), with a coverage in the poorest quintiles that was 68% lower than the coverage in the richest quintile (equity ratio ‫ס‬ 0.32).
Prevalence of anemia. The majority of children were ane- Figure 2 shows anemia level by age in each of the three districts. Whereas Hb levels were similar among all three districts, moderate-to-severe anemia prevalence varied considerably over age, with peak prevalence between the age of 6 and 17 months. There was no significant difference in Hb levels when comparing economic quintiles (P ‫ס‬ 0.07). An Hb level < 8.0 g/dL was more likely in parasitemic children compared with parasite-negative children (OR ‫ס‬ 2.3, 95% CI ‫ס‬ 1.8-3.5, adjusted for age in months). This was also true with children with a positive RDT compared with those with a negative RDT (OR ‫ס‬ 3.7, 95% CI ‫ס‬ 2.5-5.3, adjusted for age in months). Table 3 shows associations of anemia and moderate-to-severe anemia with age and household and clinical characteristics. Prevalence of parasitemia. Of the 2,237 children for which blood smear results were available, 62.2% (1,352/2,172) were parasitemic. Distribution of parasitemia and clinical malaria by district and age is presented in Figures 3 and 4 . Overall parasitemia prevalence increased rapidly in infancy from 18.2% (0-2 months) to 43.0% (3-5 months) overall. Prevalence increased up to the age of 2-3 years and remained high up to the age of 5 years, ranging from 69.4% to 73.0%. Distribution of clinical malaria by district and age is presented in Figure 4 and shows a relatively stable prevalence for children of all ages after the first 2-5 months of life. Parasite burden and prevalence of clinical malaria was not significantly different in the three districts. Of the children with parasitemia, 23.3% had a documented fever at the time of the survey. Splenomegaly (a Hackett score > 0) was present in > 19% of children and varied considerably between districts (28.5%, 38.0%, and 19.9% in Yoto, Ogou, and Tone, respectively, P < 0.001) as well as between observers of the six teams within the districts (P ‫ס‬ 0.0001, P < 0.0001, and P < 0.0001 for Yoto, Ogou, and Tone, respectively).
There was no significant difference in the percentage of children with parasitemia between economic quintiles, controlling for age and bednet use, in Yoto (P ‫ס‬ 0.33) and Ogou (P ‫ס‬ 0.19). In Tone, there was a significant difference in parasitemia between children in the wealthiest and poorest quintiles (P ‫ס‬ 0.03), but no difference among children in the poorest four quintiles (percentage of parasitemic children by economic quintile, poorest to wealthiest, in Tone: 64.5%, 67.6%, 67.3%, 64.6%, and 48.4%). Children who were reported to have slept under a bednet (predominantly untreated with insecticide) were no less likely to be parasitemic than those who did not when controlling for age (P ‫ס‬ 0.08).
As with moderate-to-severe anemia, the presence of a highdensity infection (> 5,000/mm 3 ) was most prevalent in children 6-17 months. Increasing parasite density was associated with an increased risk of moderate-to-severe anemia compared with children with a density of infection Յ 500/mm 3 (density of infection 501-5,000/mm 3 , OR ‫ס‬ 1.3, 95% CI ‫ס‬ 0.9-1.9; density of infection 5,001-20,000/mm 3 , OR ‫ס‬ 1.5, 95% CI ‫ס‬ 1.0-2.3; density of infection > 20,000/mm 3 , OR ‫ס‬ 2.3, 95% CI ‫ס‬ 1.4-3.8, P < 0.009).
DISCUSSION
We determined the prevalence of anemia, parasitemia, and clinical malaria in 2,532 children < 5 years of age during the high malaria transmission season in three rural districts in Togo. The selected districts are representative of the variation of malaria transmission within Togo and describe a population and country from which there is a scarcity of data on malaria epidemiology.
This burden of malaria proved substantial; 62.2% of children were parasitemic: almost a quarter of these children had clinical malaria and almost a quarter (24.0%) were moderate to severely anemic. This was consistent with the perceived high burden of malaria-related illness as reported by the caretakers. In the 2 weeks before the survey, > 20% had sought health care for their child because of a febrile illness, and more than one third of children had been treated with antimalarials. Wide-scale treatment with partially effective malaria drugs may not clear most infections but will lower parasite densities. Based on rapid malaria test results, the prevalence of malaria infection was somewhat higher than those based on slides (72.3%). This difference could be explained by recent treatment of clinical illness resulting in clearance of a (small) subset of malaria infections in the last week. As such, the observed clinical malaria prevalence may be an underestimation of the true burden of clinical illness caused by malaria. The majority of clinical malaria cases also occurred below the age of 2 years, whereas parasite prevalence increased until 2-3 years of age before leveling off and remaining high.
Overall, one in five children were moderately to severely anemic at the time of the survey. The main burden of anemia also occurred in the first 2 years of life, with the peak pro- portion of moderate-to-severe anemia in children between the ages of 6 and 17 months, indicative of a population that is exposed to high malaria transmission levels. The age-related burden of malaria is consistent with previous studies characterizing malaria morbidity patterns in West Africa. 8, 9 Modiano and others, 9 in a health facility-based study in Burkina Faso in an area of documented intense transmission, found that 78.2% of cases of severe malaria in rural areas occurred in children < 2 years of age. Similarly, Binka and others Likewise, > 116,000 Togolese children < 5 years of age would have clinical malaria at the time of the survey. The 2004 Cochrane Collaboration Review of ITNs found a 50% reduction in episodes of uncomplicated malaria in areas of stable transmission and an average increase of 1.7% packed cell volume in Hb level in children < 5 years of age. 10 Based on these effect estimates, ITNs (at 100% coverage) would have the potential to reduce the number of cases of moderate to severe anemia and clinical malaria by ∼63,000 and 58,000 children < 5 years of age in Togo, respectively. At the time of this survey, however, < 10% of the children were sleeping under a net, most of the nets in use were untreated, and ownership was strongly linked to household socio-economic status, with the lowest level of ownership in the poorest part of the population.
Three months later, Togo hosted the first integrated national distribution of > 900,000 free, LLITNs linked to a measles immunization campaign. This morbidity survey is part of extensive multi-disciplinary monitoring and evaluation efforts surrounding this campaign and provides the baseline of the morbidity impact component. While monitoring and evaluation of impact forms a core part of present efforts to rapidly scale up malaria control efforts, the optimal methodology for national level impact evaluations is still being developed because contemporaneous unprotected control groups are not available after implementation of national control efforts. Population-based data have been the gold standard for showing impact of interventions on the health of the community. Health facility-based data alone, although more practical logistically, may have limited usefulness in estimating changes in health status in rural Africa because only a small percentage of individuals with malaria will report to a health facility. 11, 12 The international Monitoring and Evaluation Reference Group (MERG) recommends the use of repeated large-scale cross-sectional studies at peak malaria transmission to assess control impact, and suggested the assessment of moderate to severe anemia as a core indicator of malaria transmission and control progress. 13 With the large sample sizes per district in this survey and the enrollment of > 95% of randomly selected eligible households, these data provide precise and representative estimates of the prevalence of malaria and anemia at peak malaria transmission in children < 5 years of age, most of whom were targeted during the December 2004 National Integrated Child Health Campaign.
Anemia is multi-causal and may be a consequence of malaria, nutritional deficiencies, hemoglobinopathies, and other infections. Among pre-school children in sub-Saharan Africa, however, it is predominantly caused by iron deficiency and malaria.
14,15 A correlation of malaria and anemia has been reported in several health facility-based and smaller community-based studies in West Africa. 9, 16, 17 Helminth infection also contribute to anemia, and several studies in Togo and the surrounding countries have documented high prevalence rates in young children. 18, 19 While helminth infections and other causes will have contributed to the substantial prevalence of anemia in this study, the strong observed relationship between parasitemia and moderate anemia, and the similarities of age categories at risk for both moderate anemia and parasitemia, would suggest that moderate anemia in children < 5 years is a suitable marker of malaria transmission in Togo.
The use of portable Hb photometers (Hemocue) to allow direct diagnosis of Hb level and treatment of anemia at the time of the survey also worked well in this survey and confirmed their reliability, robustness, and user-friendliness under field conditions. Of the 2,532 children enrolled in the survey, Hb assessments were successfully performed in 2,524 (99.7%). None of the six machines in use required any servicing or recalibration during the survey. The reliability of these also supports the recent MERG recommendations of moderate to severe anemia as a useful indicator in national large-scale field-based surveys to assess the burden of malaria and the impact of malaria control interventions. 20, 21 Nevertheless, repeated national level community-based cross-sectional evaluations are logistically challenging, requiring considerable resources and funds, and often do not represent the burden of disease throughout the year. While recommendations suggest to measure at peak transmission, many countries, including Togo, host a range of climatic and malaria transmission settings. In Togo, the climate ranges from tropical and humid in the south to semi-arid savannah type in the most northern part and the peak transmission may occur at different time-points of the year in different regions. Implied differences in malaria transmission patterns are based on differences in rainfall patterns, but whether these result in a variation in the burden of malaria among the three regions is unknown. The reported burden of malaria based on moderate-to-severe anemia was higher in the northern two districts across most age ranges. Interestingly, however, the prevalence of clinical malaria did not differ significantly between districts. The observed geographic variations in anemia could be because of the time period during which the survey was conducted. The northern two districts were in the middle of one continuous rainy season. In contrast, in Yoto, the southern district, the survey coincided with a period of infrequent rain showers, just before the second peak of the bimodal rainfall season. Differences could also be part of the natural range of variation in transmission over time, to some extent linked to regional and annual variations in rainfall. Because monthly rainfall figures in 2004 proved to be reasonably average compared with those from the past 30 years (data not shown), these data likely represent the burden (in the month of September) during an average transmission season.
The baseline results also provided information that is useful to the implementation of integrated campaigns, such as the campaign that followed in December 2004, which targeted children between the ages of 9 months and 5 years after measles vaccination targets. These data indicate that such a campaign could miss some of the most vulnerable children < 9 months of age, and their immediate and more long-term success may depend on the sharing of bed spaces, and thus LLITNs with the youngest infants and newborn children within the house. Future integrated campaigns in areas with a similar burden of malaria should try to include all children < 5 years of age for ITN distribution. As part of the multidisciplinary evaluation, a detailed post-intervention coverage evaluation was undertaken as well, which will be described in a separate paper.
In conclusion, this study provides good quality baseline data on the burden of malaria in young children before the first national integrated ITN and measles vaccination campaign in Togo. In addition, these data provide the basis for assessment of the suitability of MERG-recommended indica-tors in a country with a variety of malaria transmission patterns.
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